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カテゴリ  1  2  ⋯  𝑘  計   



















（１）  悪化  不変  やや改善  改善  計   
Ａ  10  15  25  20  70   
Ｂ  15  10  25  20  70   
（２）  悪化  不変  やや改善  改善  
Ａ  10  15  15  30  70   


































































































??????????? ???????  
𝑚!!!!! ≤ 𝑛!
!







? ???????𝐴(𝑘) = (𝑛!, 𝑛!,… , 𝑛!)?????
???????????????????????
????????????????𝐴(𝑘)?????
? ? ???? ? ??????? ??? ????? ????????
?????????????????????????????
  
























	 ???? 𝑛?????????? 𝑘????????(𝑛!, 𝑛!,… , 𝑛!)????????????𝑁(𝑘, 𝑛)??? ?
?
 𝑁(𝑘, 𝑛) = 𝑛 + 𝑘 − 1𝑘 − 1  (6) 
 
???????????????𝐴(𝑘)????????𝑛!?
??? 𝑛𝑖 =!!!! 𝑛????????????????𝑁(𝑘, 𝑛)??????????????? (0,0)???




















	 ?????𝐶𝑁(𝐴(𝑘))?𝑅𝐶𝑁(𝐴(𝑘))? ?𝐶𝑁(𝐴(𝑘)) = 𝑁𝑀𝐸𝐴(𝐴(𝑘)) − 𝑁𝐿𝐸𝐴(𝐴(𝑘)).  (7)  
 





















 𝑁𝑀𝐸𝐴(𝑘; 𝑛; 𝑛!, 𝑛!,… , 𝑛!)   = 𝑁!!!!! 𝑀𝐸𝐴(𝑘 − 1; 𝑛; 𝑛! + 𝑛! − 𝑖, 𝑛!,… , 𝑛!). 
   (9)  
 








??𝑝!, 𝑝!,… , 𝑝!???????????????  
 
 ???????????????????
カテゴリ  1  2  ⋯  𝑘  計   
観測度数  𝑛!  𝑛!  ⋯  𝑛!  𝑛   
期待確率  𝑝!  𝑝!  ⋯  𝑝!  1   
 
	 ?????????????????????





𝐸[𝐶𝑁(𝐴(𝑘))]   = 𝐶!!!⋯!!!!! 𝑁(𝐴(𝑘))𝑀(𝑛!, 𝑛!,… , 𝑛!) (10) 





????𝑀(𝑛!, 𝑛!,… , 𝑛!)? ??????????
?????? (𝑛!, 𝑛!,… , 𝑛!)? ?????????
?????????????? ?
?














??????𝑘 = 2???????????????? ?
? ??????? 𝑘 = 2? ???????????𝑛??????????𝐴(2) = (𝑛!, 𝑛!)??????
????𝑁𝑀𝐸𝐴(𝐴(2))??????????? ?
 
 𝑁𝑀𝐸𝐴(𝐴(2)) = 𝑛! + 1, (13) 
 
???????????? 𝐴(2) = (𝑛!, 𝑛!), (𝑛! +𝑛! = 𝑛)?????𝑁(2, 𝑛)??? ?
 
 𝑁(2, 𝑛) = 𝑛 + 1, (14) 
 
????????𝑅𝐶𝑁(𝐴(2))??? ?
 𝑅𝐶𝑁(𝐴(2)) = 𝑛! − 𝑛!𝑛 = 𝑟! − 𝑟! = 1 − 2𝑟!,  (15)  
 






Pr  ( 𝑛!, 𝑛!) = 𝑛!𝑛!! 𝑛!! 𝑝!!!𝑝!!! = 𝑛!𝑛!! (𝑛 − 𝑛!)! 𝑝!!!(1 − 𝑝!)!!!! , 𝑛! = 0,1,2,… , 𝑛. (16) 
 
	 ??????𝑘 = 2???????????????
??????????????????????
??????????????????????
???𝑅𝐶𝑁(𝐴(2))????????? ???? ? ??????
????????????? ?
 ????? ???????? 
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 𝐸(𝑅𝐶𝑁(𝐴(2))) = 1 − 2𝑝!, (17) 
 














???????𝐻!: 𝑝! = 1/2?????? ???? ??? ?
 










????𝑛! = 10??????𝐴(2) = (5,10)??? ?
	 ———? ?
? ??????? ?
? ? 𝑅𝐶𝑁(𝐴(2)) = (10 − 5)/15 = 1/3? ????
??? ?
? ? ? ? ? ? ? 𝐻!: 𝑝! = 1/2 ? ? ? ? ? ?𝑅𝐶𝑁(𝐴(2))??????????𝐵(15,  1/2)???




? ???????????????????𝑛! = 573?????? 𝑛! = 516?????
?𝐴(2) = (573,516)??𝑛 = 1089??? ?
? ———? ?
? ??????? ?
? 𝑅𝐶𝑁(𝐴(2)) = (516 − 573)/1089 = −0.0523?
???????? ?
? ??????𝐻!: 𝑝! = 1/2??????????














??? ? 𝐴(3) = (𝑛!, 𝑛!, 𝑛!), (𝑛! + 𝑛! + 𝑛! = 𝑛)?








 𝑁(3, 𝑛) = 𝑛 + 22 = 12 (𝑛 + 2)(𝑛 + 1)  (23) 
 
???????????𝑅𝐶𝑁(𝐴(3))??? ?






























? ?? ???????????𝑘 = 3??
 評価と単位     順位   
 C  B  A  単位計  RCN  GPA  RCN  GPA   
1  0  10  132  142  0.9937  2.930  1  1   
2  0  22  118  140  0.9725  2.843  2  2   
3  0  36  162  198  0.9647  2.818  3  3   
4  8  16  114  138  0.8553  2.768  7  4   
5  8  20  120  148  0.8570  2.757  5  5   
6  8  24  104  136  0.8278  2.706  9  6   
7  4  34  102  140  0.8664  2.700  4  7   
8  8  24  100  132  0.8209  2.697  10  8   
9  6  32  106  144  0.8456  2.694  8  9   









? ??????𝑘 = 3??????????????
????? ? 𝑛 ? ????????????𝐴(3) = (𝑛!, 𝑛!, 𝑛!) ? ????? ??????????𝑁(3, 𝑛) = (𝑛 + 1)(𝑛 + 2)/2??????????
?????????𝑅𝐶𝑁(𝐴(3))?????????
??????????????????????
? ? ???? ???????????????
???????????????????????????????????
???????? “?????”????????? ?
? 𝑘 = 3 ? ???? ? ???? ????????(𝑛 + 1)(𝑛 + 2)/2? ???? 𝑅𝐶𝑁(𝐴(3))? ????
????????????????  
 
配列 𝐴(3)  シフト係数  配列の確率   (𝑛!, 𝑛!, 𝑛!)  𝑅𝐶𝑁(𝐴(3)) の値  Pr  ( 𝑛!, 𝑛!, 𝑛!)   
?
?????????????Pr  ( 𝑛!, 𝑛!, 𝑛!)???
?? (𝑛!, 𝑛!, 𝑛!)???????????? ?










𝐸(𝑅𝐶𝑁(𝐴(3)) = (𝑝! − 𝑝!)(𝑛 + 3 + (𝑛 − 1)𝑝!)𝑛 + 3   (26)  
 
 
 ??? ?n = 25, (𝑝𝟏, 𝑝𝟐, 𝑝𝟑) = (1/3,1/3,1/3)?
 
??? ?n = 50, (𝑝𝟏, 𝑝𝟐, 𝑝𝟑) = (1/3,1/3,1/3) 
  






? ????????????? 𝑝! = 𝑝! = 𝑝!???𝑛 = 25???????????????????
??????????????????????
????????𝑛 = 50????????? ?
? ????????????????????𝑛?











??? ?n = 40, (𝑝𝟏, 𝑝𝟐, 𝑝𝟑) = (0.2,0.3,0.5) 
  
	 ????????????????????










 𝑅𝐶𝑁 分布  正規近似   
n  1%  5%  1%  5%   
10  0.7538  0.5385  0.7422  0.5247   
30  0.4444  0.3212  0.4492  0.3176   
50  0.3540  0.2528  0.3518  0.2487   




















	 サンプルサイズ 𝑛 が比較的小さい場合に















 𝐸(𝑅𝐶𝑁(𝐴(3))!"# = (𝑝! − 𝑝!)(1 + 𝑝!). (28)  






? ??????????𝐻!: 𝑝! = 𝑝! = 𝑝!?????
???????? 
  
 𝐸(𝑅𝐶𝑁(𝐴(3))!"# = 0, (30) 
 












?? ??????? ? ????







𝑁𝑀𝐸𝐴(𝐴(4)) = 16 (𝑛! + 1){(6𝑛! + 3𝑛! + 6)𝑛!   +3𝑛!! + 3(𝑛! + 3)𝑛! + (𝑛! + 2)(𝑛! + 3)} 









? 𝑁(4, 𝑛) = (𝑛 + 3)(𝑛 + 2)(𝑛 + 1)/6?
?
??????????𝑅𝐶𝑁(4)??????????。  
 𝑅𝐶𝑁(𝐴(4)) = 𝐶𝑁(𝐴(4))𝑁(4, 𝑛) − 1 
 


















? ?? ????????????𝑘 = 4? 
 評価と単位数     順位   
 C  B  A  AA  単位計  RCN  GPA  RCN  GPA   
1  6  12  40  70  128  0.7701  3.359  2  1   
2  2  18  44  70  134  0.8204  3.358  1  2   
3  10  10  37  73  130  0.7098  3.331  8  3   
4  5  8  65  64  142  0.7491  3.324  4  4   
5  6  14  43  67  130  0.7490  3.315  5  5   
6  7  16  46  69  138  0.7251  3.283  6  6   
7  4  23  46  69  142  0.7497  3.268  3  7   
8  5  15  59  57  136  0.7014  3.235  9  8   
9  4  22  44  60  130  0.7222  3.231  7  9   






















教育法  1  2  3  4  計   
A  0  0  3  4  7   






??????𝑘 = 4???𝑛 = 7??????????
???? ??? ???𝑁(4,7) = 120?????????








 ????? ???????? 
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表 8	 Permutation test のための表 
No  n1  n2  n3  n4  NMEA  NLEA  CR  RCN  Prob(Null)  CumProb   
1  0  0  0  7  1  120  119  1.0000  0.00006  0.00006   
2  0  0  1  6  2  119  117  0.9832  0.00043  0.00049   
3  0  0  2  5  3  116  113  0.9496  0.00128  0.00177   
4  0  1  0  6  3  112  109  0.9160  0.00043  0.00220   
5  0  0  3  4  4  110  106  0.8908  0.00214  0.00433   
6  0  1  1  5  5  110  105  0.8824  0.00256  0.00690   
7  0  1  2  4  7  105  98  0.8235  0.00641  0.01331   
8  0  0  4  3  5  100  95  0.7983  0.00214  0.01544   
9  0  2  0  5  6  98  92  0.7731  0.00128  0.01672   
10  0  1  3  3  9  96  87  0.7311  0.00854  0.02527   
11  0  2  1  4  9  95  86  0.7227  0.00641  0.03168   
12  1  0  0  6  4  84  80  0.6723  0.00043  0.03210   
13  0  0  5  2  6  85  79  0.6639  0.00128  0.03339   
14  0  2  2  3  12  88  76  0.6387  0.01282  0.04620   
15  1  0  1  5  7  83  76  0.6387  0.00256  0.04877   
16  0  1  4  2  11  82  71  0.5966  0.00641  0.05518   
17  0  3  0  4  10  80  70  0.5882  0.00214  0.05731   
18  1  0  2  4  10  80  70  0.5882  0.00641  0.06372   
 
? ?????????????????????
??? ? 𝐴(4) ? ? ???????????𝑅𝐶𝑁(𝐴(4)) = 0.8908?????????𝐵(4)??
????? 𝑅𝐶𝑁(𝐵(4)) = 0.2521 ? ???????𝐴(4)????????????????????




? ?? ?????? (𝑘 = 4, 𝑛 = 7)?

























???????????𝐻!: 𝑝! = 𝑝! = 𝑝! = 𝑝!??
????𝐶𝑁(𝐴(4))??????????????
???????? ?
 𝐸(𝐶𝑁(𝐴(4))!"#) = 0 (35) 
 





	 ???? 𝑛 ????????  
 
 𝐸(𝑅𝐶𝑁(𝐴(4))!"#) = 0 (37) 
 
 𝑉(𝑅𝐶𝑁(𝐴(4))!"#) = 153128 1𝑛 (38) 
 
	 ??????𝑘 = 4???????????????
??????????????????????? ?
 




 ??? ?????? (𝑝𝟏 = 𝑝𝟐 = 𝑝𝟑 = 𝑝𝟒)?
 





 𝑅𝐶𝑁 分布  正規近似   
n  1%  5%  1%  5%   
10  0.7053  0.5333  0.7397  0.5230   
30  0.4475  0.3178  0.4510  0.3189   
50  0.3513  0.2509  0.3534  0.2499   














（１） 全配列分布  正規近似   
 RCN  P-値  𝑍-値  P-値   
Ａ  0.2788  0.0152  2.1606  0.0154   
Ｂ  0.1845  0.0762  1.4298  0.0764   
（２）  RCN  P-値  𝑍-値  P-値   
Ａ  0.4015  0.0008  3.1112  0.0009   







????𝐻!: 𝑝 = 1/2????????????  


























 𝜒! = (𝑛! − 𝑛𝑝!)!𝑛𝑝!!!!!  (40) 
 









? ????𝑘 = 3???𝑘 = 4???????????
???  𝑘 = 3  ⇒ 𝐻!: 𝑝! = 𝑝! = 𝑝! 




	 ??????????????????????? ?𝑘 = 3  ⇒ 𝑝! = 𝑝! = 𝑝!, 𝑝! = 𝑝! + 𝑑                   ⇒ 𝑝! = 𝑝! = 1 − 𝑑3 , 𝑝! = 1 + 2𝑑3 . 
 
 
𝑘 = 4  ⇒ 𝑝! = 𝑝! = 𝑝! = 𝑝!, 𝑝! = 𝑝! + 𝑑                    ⇒ 𝑝! = 𝑝! = 𝑝! = 1 − 𝑑4 , 𝑝! = 1 + 3𝑑4 . 
 
	 ??????????????????? ?
? 𝑘 = 3  ⇒ 𝑝! = 𝑝!, 𝑝! = 𝑝! + 𝑑, 𝑝! = 𝑝! + 𝑑                   ⇒ 𝑝! = 13 − 𝑑, 𝑝! = 13 , 𝑝! = 13 + 𝑑.   




	 ???𝑘 = 3?𝑛 = 50????????????
??????????? ?
	 ?°𝑛! + 𝑛! + 𝑛! = 𝑛(= 50) ????????
? ? (𝑛!, 𝑛!, 𝑛!)  ???? ? ??? ? ? ??? 𝑁(𝑘, 𝑛) = 𝑁(3,50) = !"! = 1,326 ??????
???????????????? 𝑅𝐶𝑁(𝐴(3)) 
?? ???? ?????????  
	 ?°???????????? (𝑝!, 𝑝!, 𝑝!) ???











	 ?°𝑘 = 3??𝑛 = 50??????????????????
???????? 2.5%???? 0.29811???????
???? ?







パーセント  RCN の限界点  実際の確率   
0.5  0.3857  0.0050   
1.0  0.3540  0.0093   
2.5  0.2981  0.0249   






? ?????? ????????? ??????????????????




?????Pr  (𝑅𝐶𝑁(𝐴) ≥ 0.29811 | 𝑑 )?????
??????????????????????
???????? ?
? ?°𝜒!? ?????????????? ?










? ??? (𝑛!, 𝑛!, 𝑛!)????? ?
 𝜒! = 3𝑛 ((𝑛! − 𝑛/3)! + (𝑛! − 𝑛/3)! + (𝑛!− 𝑛/3)!) 
 






 GOF の  実際の  𝜒!の   %  限界点  確率  近似値   
0.5  10.720  0.00444  10.597   
1.0  9.160  0.00977  9.210   
2.5  7.720  0.02357  7.378   


























? ???? 𝑘 = 3? ?? 𝑛 = 50? ?? 𝑛 = 100?? 𝑘 = 4?
?? 𝑛 = 50? ?? 𝑛 = 100? ????????????????
???????? ????????????????????????
???????????????  








 ???   𝑘 = 3?𝑛 = 50?????????????????????????
 
 
???   𝑘 = 4?𝑛 = 100?????????????????????????
 
 
????   𝑘 = 3?𝑛 = 50?????????????????????????
 
 
????   𝑘 = 4?𝑛 = 100???????????????????????? 
?
?




































? ?????????????????? 𝑘 ≥ 5?
???????????????𝑘 = 4??????















? ?????????𝑘 = 2 ∼ 5????????
  
#nmea_a.r 
#NMEA recursive formula  
#Cases for k = 2, 3, 4 and 5 
#------------ 
#NMEA2 
nmea2 <- function(n, n1) { 
   s2 <- numeric(length=n+1) 
   for (i in 0:n1) { 
      s2[i+1] <- 1 
   } 
    sum(s2) 
} 
#NMEA3 
nmea3 <- function(n, n1, n2) { 
   s3 <- numeric(length=n+1) 
   for (i in 0:n1) { 
      s3[i+1] <- nmea2(n, n1 + n2 - i) 
   } 
    sum(s3) 
} 
#NMEA4 
nmea4 <- function(n, n1, n2, n3) { 
   s4 <- numeric(length=n+1) 
   for (i in 0:n1) { 
      s4[i+1] <- nmea3(n, n1 + n2 - i, n3) 
   } 
    sum(s4) 
} 
#NMEA5 
nmea5 <- function(n, n1, n2, n3, n4) { 
   s5 <- numeric(length=n+1) 
   for (i in 0:n1) { 
     s5[i+1] <- nmea4(n, n1 + n2 - i, n3, n4) 
   } 











rcn2 <- function(n, n1) { 
   rshift <- nmea2(n, n1) 
   lshift <- nmea2(n, n-n1) 
   cn2 <- lshift - rshift 
   cn2/n 
} 
#RCN3 
rcn3 <- function(n, n1, n2) { 
   rshift <- nmea3(n, n1, n2) 
   lshift <- nmea3(n, n-n1-n2, n2) 
   cn3 <- lshift - rshift 






rcn4 <- function(n, n1, n2, n3) { 
   rshift <- nmea4(n, n1, n2, n3) 
   lshift <- nmea4(n, n-n1-n2-n3, n3, n2) 
   cn4 <- lshift - rshift 
   cn4/(choose(n+3,3)-1) 
} 
#RCN5 
rcn5 <- function(n, n1, n2, n3, n4) { 
   rshift <- nmea5(n, n1, n2, n3, n4) 
   lshift <- nmea5(n, n-n1-n2-n3-n4, n4, n3, n2) 
   cn5 <- lshift - rshift 








> nmea3(30, 5, 10) 
[1] 81    <--- (5, 10, 15) の NMEA 
> nmea4(50, 20, 15, 10) 
[1] 13216    <--- (50, 15, 10, 5) の NMEA 
> rcn3(30, 5, 10) 
[1] 0.4343    <--- (5, 10, 15) の RCN 
> rcn4(50, 20, 15, 10) 







???? ? ??????????? ?????? ?????????????? ???????
?????????????????????????????????????? ?





???? ? ???????? ??? ???? ?????? ???? ??? ?????
??????????? ??? ???? ??????? ??? ????? ????????
???????????????????? ?? ???????????
?????? ?
???? ????????? ???? ???????? ?? ?????? ??? ????????????
????????? ?????????????? ???? ???? ???????????
???????????? ????????????????????????
?????? ?
?
?????? ?????????
?????? ??? ??????
